ABSTRACT: Lake Uvildy is situated in the North of Chelyabinsk region. Lake Uvildy is one of the largest and the most unique of South Ural's lakes. In 1975-1977 the drought occurred and water supplies dried up in South Ural. 234 million cubic meters were moved from the Uvildy lake in Argazi reservoir, which was a source of water supply of the Chelyabinsk city. The lake's water level fell by more than 4 meters. Only in 2008 the water level returned to the previous position, but riparian vegetation was flooded. In July 2014 we carried out an ecological survey of the lake in five sites. We discovered submerged tree and shrub vegetation at 50-70 meters from the bank. Chemical analysis of water revealed the accumulation of organic substances and the transition of nitrogen from nitrate to nitrite and ammonia, of sulfur from sulfate to sulfite and hydrogen sulphide, of carbon to methane. We found blue-green algae (Microcystis, Anabaena, Oscillatoria) in all the sites. It indicates the beginning of water eutrophication. We proposed a new method of ecological restoration of the lake. In August 2014 we cleaned the bottom of the lake in two research points with a special innovative bottom-cleaning machine working both as a pump and a crusher. The research in summer 2015 showed that the water quality had significantly improved and the process of eutrophication had stopped in the points where the bottom was cleaned. Works on the lake trophicity will be continued.
INTRODUCTION
Lakes are complex ecosystems able to restore and clean themselves. Lake ecosystem is developing very slowly from oligotrophic stage to eutrophic or dystrophic [1] . Nowadays the study of lake evolution to forecast the change in lake trophicity in prospect is of much interest [2] - [4] .
Natural eutrophication increases if a lake is subject to human made load [5] . Different characteristics are used to assess the previous and current environmental condition of eutrophic lake under human made impact, e.g. phytoplankton data [6] , [7] .
There are two basic types of restoration methods relative to eutrophication [8] - [11] . The first type is measure which decrease phosphorus availability (increased bottom up control), it is sediment removal, hypolimnetic oxygenation and alum treatment. The second type is measure which increase the zooplankton grazing on phytoplankton (increased top-down control), it is pike stocking and removal zooplankti-benthivorous fish.
The method of lake biomanipulation is now widespread in Europe [8] , [12] . The sustainability of the positive effects of biomanipulation has been considered over a decade. But there are cases of failures [13] .
The aim of this research was to study the environmental condition of lake Uvildy and to test the device for mechanical cleaning of the lake bottom at the coast.
METHODS

Study Area
Uvildi Lake is located in the north of the Chelyabinsk region in the eastern foothills of the South Urals within the lake-forest landscape. The coordinates of the lake: 55º28,2' -55º35,9' N 60º25,1' -60º34,8' E.
Uvildy is often called "a pearl of the South Urals". Lake Uvildy is a typically tectonic lake in a deep piedmont fault. Its catchment area and water surface are 209 and 69 m 2 respectively [2] . Its length is 13.5 km, its maximum width is 9 km. The average depth of the lake is 15.6 m. The maximum depth measured by echometer is 37 m. The coasts are considerably fringed by peninsulas and bays. The coastline of the lake is 117 km. The total volume of water exceeds one billion cubic meters.
Uvildy mirror-like surface stretches on the eastern slope of the Urals range, near the foot of Fominka and Cheremshanka Mounts -in the west, Sobachya Mount -in the south-west, Barsuchya Mount -in the south. The lake's surface is like a pear thickening in the southern part. There are health spa and resorts highly popular both among Ural citizens and guests.
The climate is classified as continental, with warm summers and cold winters. The coldest month of the year is January with an average temperature range of -16 ºC. The warmest month is July with an average monthly temperature of +17 ºC.
The territory of Uvildi Lake is occupied by mixed forests. In the forests around the lake there are many small boggy brooks, springs, bogs, especially in the North-West of the lake catchment area where two rivers Cheremshanka and Kosaya flow from low-mountain foothills and vanish in the bogs near lake Uvildy. Water catchment area is in the borderline between two natural zones. From spring to autumn you can meet here usual and rare species of plants which are in the Red book: strawberries, blueberries, viburnum, cranberry, wild rose. In the Uvildi Lake from the earliest times live crustaceans, which are a sign of the purity of the lake. The lake has a large number of species of fish. There live roach, perch, pike, lin and whitefish.
Sample Collection
The sampling was carried out during the vegetation period in July 2014 in 5 sites in the North-West and North-East of lake Uvildy (Fig.1) .
Fig.1 Lake Uvildy and sampling sites
The coordinates of the sampling sites: site 1 -55°32'9.13" N, 60°25'34.05" E, site 2 -55°31'47.91" N, 60°26'50.46" E, site 3 -55°31'41.29" N, 60°29'58.96" E, site 4 -55°31'47.42" N, 60°33'38.89" E, site 5 -55°32'55.95" N, 60°31'54.10" E.
Lake Uvildy is one of the largest lakes of South Ural. In 1974-1978 South Ural was experiencing a severe drought. To tackle a water shortage problem, there was built a channel, through which more than one third of the lake water volume was carried over to Argazinskoye Reservoir. The water level of the lake fell by 4 meters eventually, and most of the coastal areas became outcropped [14] . The water level started to rise only 20 years later, in 1999, and it resulted in a significant transformation of coast geosystem. Birch forest grown in the drainage zones became flooded together with developing soil. It led to eutrophication in the coastal areas [14] . In 2014 five sites with the highest degree of eutrophication were selected, and their physicochemical and microbiological characteristics were studied. After that in 2015 the lake was cleaned in two sites and the water of these sites was probed.
At each site the samples of a known volume subsurface (5-40 cm) water were taken with a 10 L bucket and then filtered through a plankton net (mesh size: 100 µm). The retained organisms were transferred into glass containers. The collected material was preserved in 5 % formalin.
Water Quality Analysis
The following instream parameters including pH, dissolved oxygen (DO), and water temperature (WT) were measured in situ by a Portable Meter (Multitest IPL-513, Semico Ltd, Russia, Novosibirsk). Conductivity (COND) and salinity (SALIN) were measured in situ by a Portable Meter (Multitest KSL-111, Semico Ltd, Russia, Novosibirsk) Air temperature was determined with a mercury thermometer. Oxygen saturation (P, %) was calculated.
At each site, water samples were also collected for further laboratory analysis including redox potential (Eh), nitrate-nitrogen (NO3 - [15] . For spectrophotometric analysis the Spectrophotometer KFK-3 was used. Dissolved CO2 concentrations were determined by calculating from pH and alkalinity, measured by titration with 0.1 N HCl to an end point pH of 3.5.
Phyto and Zooplankton Analysis
Non-diatom algae were analyzed using a 0.1 mL counting chamberat a magnification of 600× (Altami BIO 2T microscope, Altami Ltd, Russia, St. Petersburg.). Permanent diatom slides were prepared after oxidizing the organic material (by nitric acid and sulfuric acid) and a minimum of 300 valves were counted for each sample using an Altami BIO 2T microscope at 1000× under oil immersion.
Species were identified using the handbooks by Yarushina et al. [16] . Eco-geographical characteristics of species were made using the handbooks by Barinova [17] . The list of phytoplankton species is presented in Table 2 . Number of taxa from sub-division to species level resolution follows a linear trend (Fig.2) . Greater numbers of species and individuals were detected at sites 1, 4, 5.
RESULTS AND DISCUSSION
Submerged trees and shrubs at 50-70 m from the coast were visually determined (Fig.3) . Organic pollutants in water were formed due to the trees and shrubs decay. There was a significant reduction of dissolved oxygen (DO) concentration and higher values of oxidation ([O]). Table 3 shows the results of physicochemical analysis of water in the sampling sites.
The proportion of different forms of Nitrogen showed the transition of nitrate form into ammonium. Dissolving of organic matters in water results in the accumulation of carbon dioxide and transformation of sulfates into hydrogen sulphide. According to different criteria water pollution at these sites varies from polluted to dirty.
The study of phytoplankton of the waterbody in 2005-2006 revealed [18] diatoms (Bacillariophyta, 42 %) as a dominant algal group, green algae (Chlorophyta, 31 %) as the second in species diversity, and blue-green algae (Cyanophyta) accounted only for 10 %. But new species of Cyanophyta were identified, and that became an unfavourable sign for interannual dynamics of species diversity.
The study of phytoplankton species diversity of 2014 showed that diatoms had kept their dominant position. They accounted for 42 % of the total number of species. Blue-green algae became second in species diversity, which corresponds to 39 % of the total number of species [19] . It may be explained by the presence of phosphorous and nitrogen compounds in water [20] . The bluegreens were mainly represented by Anabaena lemmermannii, Microcystis aeruginosa and Anabaena flos-aquae. The most abundant diatoms were the most numerous representatives of Fragilaria crotonensis and Asterionella formosa. Blue-green algae species (Microcystis, Anabaena, Oscillatoria) evolved on the surface of the lake. The waterbody trophic state was characterized as mesotrophic.
Fig.3 Submerged trees and shrubs
The decay of lots of submerged organic matter and the following die-away of water plants rapidly growing on that soil during the first years of flooding led to bogging of the lake coast (Fig.4) . At these sites trophic status develops into eutrophic.
Fig.4 Boggy site
In August 2014 at sites 1 and 2 the bottom was mechanically cleaned from the sediments containing thick roots of trees and shrubs remains. A special device was used in cleaning [21] .
In July 2015 physico-chemical parameters of water at these sites were analyzed (Table 4) . The analysis results prove water pollution decrease after the use of the device. The oxidation of the lake self-purification is getting more intense, as the analysis showed. Organic pollutants and biogenic elements concentration has substantially declined. Dissolved oxygen concentration has increased. According to different criteria water condition at these sites varies from clean to moderately polluted.
CONCLUSION
Water eco-system abuse as a result of humanmade impact and inefficient water management is one of the most crucial problems today.
The paper considers aggravation of Lake Uvildy trophic status after one third of the lake water volume was carried over, and water level increased later and flooded birch forest that had grown in the drainage zone.
The use of the device for mechanical cleaning of coasts from trees and shrubs remains gave positive results. We suggest using the device for further cleaning of the lake.
